The crispiness is an important parameter of battered chicken meat products and could be improved by adding leavening agents such as baking powder and dried yeast. This work was aimed to study the effect of different leavening agents added on the quality characteristics of battered chicken meat. Chicken breast meat strips were dipped into batters using different type of leavening agent; control (without a leavening agent); 4% baking powder (1), 4% dried yeast (2) and 2% baking powder + 2% dried yeast (3). The batter was kept in room temperature (RT) and cold temperature (CT) for one hour after coating. Moisture content, fat content, the viscosity of batter formulation, color, texture and sensory of fried battered chicken meat strips were evaluated. Moisture contents of RT3 and CT3 were significantly higher compared to other treatments while the fat content and viscosity of RT3 and CT3 were among the lowest. The RT2 and CT2 resulted in the lightest color. Compared to control samples, the addition of baking powder and yeast increased crispiness (fracturability and hardness) which was higher when used in combination than alone. Sensory evaluation of quality attributes showed crispiness and overall acceptability for RT3 and CT3 were among the highest. From the experiment, formulation 3 displayed the best effect of the leavening agents (a combination of baking powder and dried yeast) in batter system which produced lower fat, high moisture content, and crispier deep-fried chicken breast meat.
Introduction
White meat such as chicken breast without the skin is considered a healthier option as compared to red meat such as beef steak and pork chop due to its health advantages as it contains less fat (Pereira and Vicente, 2013) . White meat is also easier to manage and has lesser religious boundaries (Liu et al., 2012) . Due to these factors, the demand for chicken meat is growing. The commercial broiler business plays an important role to sustain the amount of production and delivery of chicken meat around the world (Jaturasitha et al., 2008) . The popularity of chicken meat creates a niche market which provides more opportunities for food technologists to develop chicken meat into various processed foods such as chicken tenders, chicken frankfurters, and others. A variety of convenient and healthy chicken-based food products are high in demand and will attract consumers in this fast-paced era (Martínez Michel et al., 2011) .
Fried food products generate a large sum of money every year worldwide. Fast-food chain depends critically on the frying procedure for cooking an assortment of foods including French fries, doughnut, burgers, frankfurters, and fish. The popularity of the frying procedure can be credited to the attributes of the fried foods. Frying contributes to the formation of crispy crust that can sustain the food from moisture loss (Innawong, 2001) . Furthermore, deep-fat frying produces foods with a nice golden brown color, improves the product's physical appearance, and develops tempting aromas of the foods (Ishak et al., 2016) which are mainly important in enhancing the consumers' acceptance. The appearance of fried foods can be changed and further improved by varying the cooking methods, frying mediums, the composition of ingredients, additional of hydrocolloid in the batter, and selection of breading/coating (Kulp and Loewe, 1990; Meyers and Grazela, 2016) .
It is critical that a specific level of binding is accomplished between batter and product uniformly. The batter should exhibit high crispiness upon frying while maintaining the naturally juicy and tender characteristics of the coated food. Cohesion-type of batter, also known as tempura, is a liquid batter consisting of leavening agent. The common types of leavening agents are sodium bicarbonate (Delcour et al., 1991) , baking powder, yeast, and chemical leavenings, among others, which produce gas and contributes to the formation of small air bubbles (i.e. carbon dioxide) in the batter. Upon deep-fat frying, the small air bubbles grow in size and allow the batter to expand, thus further contribute to its desirable crispiness and assists in water lost as steam. Additionally, the batter foam dries out and exhibits a totally solid-and sponge-like structure (Baixauli et al., 2003) . The use of leavening agent reduces the density and expand the volume of the coating so that it feels light on the tongue. In battered fried foods, the batter's crispiness is one of the major attributes affecting the consumers' acceptance (Vickers, 1998) .
Characterization of deep-fat fried batters consisting of different leavening agents for food-coating purpose is under-studied. Therefore, the main goal of this research was to obtain a batter formulation which upon deep-fat frying, exhibiting desirable crispiness whilst minimizing the oil uptake into the coated fried food. The formulations varied in terms of the type and amount of leavening agents used, i.e. baking powder and yeast, while the coated food been tested was chicken breast meat strips. Furthermore, the effect of keeping temperature after coating the chicken strips with batter prior to deep-fat frying was also investigated.
Materials and methods

Preparation of chicken breast meat
The fresh chicken breast meat (Pectoralis major) was obtained from the local market (Pasar Borong Selangor) and was washed and cleaned. The chicken was dripped dry for 15 mins on top of a stainless steel wire mesh tray. The chicken meat was further hand-cut into 5 x 2 x 2 cm strips.
Batter preparation
The leavening agents (i.e. the baking powder and instant dry yeast), wheat flour, salt, and palm oil were purchased from the local market. The batter formulations were composed of 1.25:1 solid to water ratio in accord to a study done by Vongsawasdi et al. (2008) , and all batter formulations prepared are shown in Table 1 . The batter was prepared by mixing dry ingredients with water by using a mixer at the lowest speed for 3 mins. Each chicken strip was weighed before dipped into the batter to obtain the uniform weight of 12±2 g. These batter-dipped chicken strips were placed in two different conditions; room temperature (RT) and cold temperature (CT) of below 4˚C for 1 hr prior to further frying process. Three batches were prepared for each batter formulation stored in each temperature.
Viscosity of batter
The viscosity of each batter formulation was measured at 25˚C at 100 rpm by using a viscometer (Rheolab QC Anton Paar, USA). The analysis was carried out in triplicate.
Deep-fat frying process
A total of 3 L of palm oil was preheated at 180±10˚C for 15 mins in a commercial bench-top deep fat fryer, and the coated chicken strips were further fried for 2 mins. The following methods (Methods 2.5-2.9) were carried out on the batter-coated fried chicken strips.
Determination of moisture content
The moisture content of the chicken samples was analyzed immediately after frying by using the oven drying method at 105±2˚C according to AOAC (2005) . Five grams of each chicken sample was dried until it reached a constant weight. The analysis was carried out in triplicate. The moisture content was calculated using the following formula:
Moisture content (%) = (a -b) / a ×100% Where; a is the initial weight of the sample and; b is the weight of the dried sample.
Determination of fat content
Fat content was determined by using the dried chicken samples. Extraction of fat from these samples was carried out for 8 hrs by using Soxhlet method with petroleum ether as the extracting solvent according to AOAC (2005) . The analysis was carried out in triplicate. The fat content was calculated based on the following formula:
Fat content (%) = [(weight of flask + oil) -(weight of flask)] / weight of sample x 100%
Color determination
Color of the chicken samples was measured by using a chroma meter (CR -300 Minolta, Japan). The color reading was expressed by CIE (L* a* b*) system. L*, a*, and b* indicated whiteness/darkness, redness/greenness, and blueness/yellowness, respectively. The analysis was carried out in triplicate. 
Texture analysis
A stable microsystem TA-XT2i Texture Analyser (UK) equipped with 25 kg of load cell was used to evaluate the texture of the chicken samples. An HDP/ BSK probe was used and a cutting knife blade set with 45° chisel end was attached to the instrument. The pretest speed, test speed, and post-test speed were 1.00 mm/ sec, 5.00 mm/sec, and 10.00 mm/sec, respectively, and 5 g of trigger force was used. The values of maximum peak force and the number of peaks were recorded.
Sensory evaluation
Sensory evaluation of the chicken samples was carried out by forty untrained panelists (n = 40). The panelists were instructed to rate the samples according to their level of acceptance in terms of color, appearance, taste, crispiness, juiciness, oiliness, and in overall by using 7-point hedonic scale, in accord to a study done by Gokalp et al. (1999) .
Statistical analysis
Statistical software Minitab® Release 17, Copyright 2016 (Minitab Inc, Pennsylvania) was used for data analysis at 95% confidence level. A two-way Analysis of Variance (ANOVA) with Tukey's test was used to determine the significant difference between the samples. All data were presented as mean ± standard deviation. Table 2 shows the viscosity of batter formulations consisting of different leavening agents (i.e. baking powder and instant dry yeast) prior to coating and frying the chicken strip samples. Table 2 also displays the physical and chemical properties of batter-coated chicken strip samples after deep-fat frying process.
Results and discussion
Viscosity
Based on Table 2 , RT3 and CT3 showed the lowest viscosity (p<0.05) when compared to the control sample. This is an indication that formulation 3 produces a low viscous batter. The viscosity can be related to the development of protein gluten which helps the batter rise by trapping air bubbles during mixing in both room temperature and cold temperature. Addition of leavening agents could expand the air bubbles, which strengthen the gluten thus produced thinner and less viscous batter. While the batter's viscosity is expected to increase with temperature reduction as observed in the control sample, the addition of leavening agents increased the viscosity of the batter's formulation when kept at room temperature compared to chilling temperature. This probably was due to the leavening agents that might be producing air bubbles slower at the chilling temperature that delayed the thickening of the batter.
In batter containing a leavening agent, a network of gluten protein structure retains the gas formed due to leavening effects. The higher the volume of gas being produced in the batter will result in a lower viscosity. Table 2 shows a significant difference (p<0.05) between each formulation at both conditions. The amount of gas and its rate of production determine the viscosity of the batter. The air incorporated during the mixing of the batter with water also produces lower viscosity batter due to gravitational effect (Turabi et al., 2008) . The viscosity of the batter plays an important role in determining a uniform thickness of the layer (Perera and Embuscado, 2014) . Table 2 shows that at room temperature, RT3 recorded the highest moisture content (46.90±0.33%) while RT1 showed the lowest moisture content (36.90±0.36%). Table 2 dictates that each formulation does not show any significant difference when compared (p>0.05) at different condition. However, a significant difference in moisture content was found when batter formulation was compared with each other (p<0.05).
Determination of moisture content
Another observation made was that RT1 and CT1 displayed the lower value of moisture content when compared to control samples. Control sample which consists of only wheat flour has a strong gluten protein network. When gluten is combined with water and heated prior to the frying process, it forms an outer layer or crust on the surface of coating that acts as barriers for mass transfer during frying. This causes the moisture to be trapped inside the fried battered chicken samples. For formulation 1, the baking powder that was used as a leavening agent consists of a mixture of cornstarch, baking soda, and an acidic salt (tartaric acid). Corn starch is known to possess moisture absorbent properties. Formulation 1 recorded the lowest moisture content after deep frying most probably due to the water from the chicken meat and batter being absorbed by the corn starch. During frying, the heat causes the starch to bind with molecules of water inside the coating and from the chicken meat. This will cause moisture absorption by starch in the baking powder (Akdeniz et al., 2006) . Control sample displayed slightly higher moisture content as compared to baking powder. According to Mehta and Swinburn (2001) , the moisture loss will create vacuum spaces inside the food. During this stage, the oil will take over the vacuum spaces and is known as oil uptake during frying. Basically, the oil uptake is determined by the moisture content in the food. Sustaining high moisture content in battered chicken samples resulted in low oil uptake after the frying process.
Determination of fat content
The fat content at room and cold temperatures in battered fried chicken samples varied from 17% to 24% and 15% to 26%, respectively. RT1 and CT1 recorded the highest fat content. This result is in agreement with the previous result where moisture content affects the amount of oil uptake (fat). As stated before, formulation 1 displayed a significant difference (p<0.05) in moisture content for both conditions. During frying, the amount of oil uptake has been appeared to be specifically corresponding to the amount of moisture loss. The oil uptake in the batter coating occurs as moisture has been removed from the batter system during the frying process (Ateba and Mittal, 1994) .
During the deep-fat frying process, several chemical and physical factors will affect the oil uptake. Several reactions such as water vaporization, crust formation, protein denaturation, and starch gelatinization cause a change in the amount of oil uptake (Pinthus et al., 1995) . Sustaining high moisture content in the samples will result in low-fat content. The temperature of oil also plays an important role in oil uptake during frying. Another factor that can affect the oil uptake in the samples is the frying time and oil temperature. The optimum oil temperature to minimize oil uptake during frying was reported between the range of 175˚C to 190˚C (Innawong, 2001 formulations of battered chicken samples were fried at 180˚C for 2 mins. Table 2 , all samples that have a leavening agent in it (baking powder and yeast) has a significantly higher percentage of fat (p<0.05) compared to control formulation. The leavening agent helps to increase the surface area of coating samples with the aids of bubbles or gas produce by carbon dioxide when mixing with water (Delcour et al., 1991) . The production of carbon dioxide by baking powder and yeast permeates the batter and intermingles with it. When heat is applied as in frying, the gas expands and produces porous mass. As the heat continues, the framework becomes more solid and open sponge-like which forms a crispy outer layer . As the moisture in the batter converts into steam, it creates a sponge-like tunnel network constitutes to replace oil during frying. According to Moreno and Bouchon (2008) , the outer layer formation of battered coating has been one of vital reason for final oil uptake into the product. The direct influence of oil uptake in the samples has been pore development and pore size distribution (Pinthus et al., 1995) . In addition, the data shows that RT1 and CT1 possess the highest percentage of oil uptake. The commercialized baking powder used in this experiment is also known as the double-acting baking powder. It means it dissolves rapidly in liquid, begins acting right away and expands twice the normal when the heat is being used. By using baking powder, time consumption is reduced when compared to using yeast. This is because yeasts need a sufficient amount of time to let the microorganism grow and the duration is for at least 1 hour (Salazar et al., 2004) . Formulation of batter using yeast will suggest a lower oil uptake when compared to using 4% baking powder. This might be due to the porous network built by carbon dioxide gas released by yeast is lower than in baking powder. No significant difference (p>0.05) was found when all samples were compared between the two conditions. The temperature of oil used during frying might be the core factor of oil uptake rather than the batter temperature. Table 2 shows the color values (L*, a* and b*) of batter-coated fried chicken strips. A total of 24 fried chicken strips, in triplicates, were used to determine the color. From the result, RT3 and CT3 were considered as the lightest as indicated by the higher L* values (p<0.05), less yellow as indicated by higher b* values (p<0.05) and had no uniform a* values (p<0.05) when compared to control.
As shown in
Color analysis
Lightness represents the reflection of light which is highly affected by fat content and extracellular water of the chicken meat product. This is reported by Barbut and Mittal (1990) which stated that a lighter color of meat product is affected by the higher content of fat (with a higher proportion of white fat). However, increased extracellular water can also increase the refraction of light, leading to a higher L* value. Whereas, an increase in bound water (intracellular), can absorb light resulting in a darker color with lower L* value (Barbut and Mittal, 1990) . In the room temperature, lightness value (L*) was significantly higher (p<0.05) in RT2 followed by RT1, RT3, and control. At cold temperature condition, the result of lightness value displayed a similar result with room condition. The L* value was significantly higher (p<0.05) in CT3 followed by CT2, CT1, and control. Redness (a*) for all samples in room temperature was significantly different (p<0.05) and control displayed the highest value of redness. At cold temperature, redness value was slightly higher in CT2 (15.92) compared with control formulation which was 15.38.
For yellowness (b*), RT2 and RT3 displayed no significant difference (p>0.05) when compared to RT1. However, a significant difference (p<0.05) was found when compared to control. In contrast, at cold temperature, b* values showed no significant differences (p>0.05) between all samples. Generally, the frying process significantly (p<0.05) increases the lightness (L*) and decreases redness (a*) and yellowness (b*) values of the battered chicken samples. This might occur due to protein denaturation process in wheat flour and transformation of myoglobin into metmyoglobin during the frying process. The changes in color observed in this experiment could be attributed to appearance during sensory evaluation.
Texture analysis
The texture of batter-coated fried chicken strips products possesses many characteristics, however, hardness and fracturability, which describe the textural attributes of the substrate, and crunchiness, which can be translated as the crust is considered as the most important attribute (Luyten et al., 2004) . Other textural attributes which were analyzed using Texture Profile Analyzer were cohesiveness, adhesiveness, springiness, and chewiness. The textural performance of the product was compared with the fracturability data analysis, which will be a good indicator of crispiness. Table 2 depicts that control formulation does not show a statistically significant difference (p>0.05) between both batter condition.
Higher mean values indicate higher crispiness of the fried battered chicken samples. From the data obtained, CT3 gives the highest mean on fracturability which was 1526.3 g followed by RT3 which was 1399.6 g. According to Salvador et al. (2002) , leavening agent greatly influences the final texture of the coating/crust layer of the fried food product. It contributes to the crispiness required by fried food. Furthermore, the amylose content of the starches enhanced the polysaccharide-polysaccharide interaction which provides the crispiness to the fried chicken. In this research, the leavening agent gives the highest effect to the crust crispiness due to the production of carbon dioxide gas in both baking powder and yeast respectively.
Sensory evaluation
Sensory evaluation data is shown in Table 3 . A significant different (p<0.05) was reported on the color attribute of each formulation. At cold temperature condition, CT3 gives the highest significant score (p<0.05) which was 6.10±0.84 when compared to other formulation. This suggests that the majority of panelist preferred the color of deep fry battered chicken that is affected by a combination of 2% baking powder and 2% yeast. Same goes to appearance attribute, panelist preferred CT3. Color is one of the most important physical attributes that greatly influence consumer perception and can summarily lead to rejection of a product. Thus, making color and appearance correlate and depends on each other. Consumers tend to choose food product with great appearance and color.
For the taste quality attribute, all batter formulation showed no significant different (p>0.05) whereas crispiness attribute recorded a significant difference (p<0.05) between batter formulations for both conditions. Crispy texture is one of the vital properties of fried food products and affects the acceptability of fried food products. Generally, the color was rated high by participants obtaining a mean score of 5.8 for CT3. Subsequently, control formulation for both conditions displayed the lowest score (4.20) and panelists were indifferent (neither like nor dislike) about the crispiness. These two samples observed showed no significant different (p>0.05) between each other. The crispiness of the sample might be affected by air spaces formed within the crisp structure, moisture uptake after frying and sogginess (Mellema, 2003) .
For the juiciness quality attribute, this attribute might be related to moisture trapped inside the coating. Overall, the juiciness of the fried battered chicken samples displayed a significant different (p<0.05) in each formulation. The highest mean score was RT3 with a mean score of 5.63. The combination of baking powder and yeast produces the best carbon dioxide output which allowed the formation of crust directly during frying and act as mass transfer barrier in term of oil absorption into the samples and prevented moisture loss (Pinthus et al., 1995) . This score showed that panelist preference, 'slightly like' towards the fried battered chicken in RT3. The juiciness attributes also presented a similar result as crispiness where the two samples from control formulation indicated no significant different (p<0.05). For the oiliness attribute, a significant difference can be observed when all the samples were compared (p<0.05). The highest significant (p<0.05) score is marked as acceptable for samples to be eaten because of the low oil content present within the fried battered chicken. Formulation 2 which contain yeast recorded a score of 4.5 and was categorized by the panelist as the lowest oil content. Control batter formulation at cold temperature recorded the lowest mean score of 4.28 for overall acceptability. It was considerably different from room temperature and cold temperature of formulation 1, 2 and 3 for overall acceptability. Based on the mean score for overall acceptability, RT3 score more than 5.0 which was 'slightly like' on the 7-point Hedonic Scale and indicated the most preferable sample for the forty panelists.
Conclusion
Combination of dried yeast and baking powder (Formulation 3) has been found to be the most effective leavening agent on the batter performance. It provided the highest moisture content and lowest oil uptake after control formulation in both RT and CT condition. Chicken breast meat dipped into yeast and baking powder formulation resulted in higher fracturability and hardness values compared to the control formulation. The value of lightness (L) was among the lowest when compared to the other two formulations, while, the panelists also preferred formulation 3 to other treatments. As a conclusion, the results proved that leavening agents have a positive effect on the quality characteristics of battered chicken products in terms of producing healthier product (low-fat uptake) and a better texture (high in moisture and crispiness).
